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Abstract: We successfully prepared ZnO nanorod-modified Au (ZnO nanorod/Au) electrodes using
one-step cathodic electrodeposition. Scanning electron microscopy (SEM) and X-ray diffraction (XRD)
were used to characterize the morphology and crystal phase of the ZnO nanorods. The data showed that
the ZnO nanorods were wurtzite type crystals with a hexagonal rod shape and a diameter of about 100
nm and that the ZnO nanorods were arranged well on the surface of electrodes. These ZnO
nanorod-modified electrodes were able to detect direct electron transfer from cytochrome c (cyt c). Cyclic
voltammograms showed that the direct electron transfer of cyt c with heme iron in different valence states
was easily achieved by the ZnO nanorod/Au electrode. Data of amperometric responses demonstrated
that a linear amperometric response to hydrogen peroxide was observed on the ZnO nanorod/Au
electrodes after adsorbing cyt c.
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究得到人们的广泛关注,8-10 并且 ZnO 晶体无毒无















电化学实验使用 CHI660 电化学系统 (CH
Instruments, 美国)分析测定. ZnO 纳米棒及电极表
面的形貌通过S-4800扫描电子显微镜(HITACHI公
司, 日本)观察. X 射线衍射谱由 Panalytical X′ pert
PRO X 射线衍射仪(PANalytical B.V., 荷兰)测定. 实
验中使用马心细胞色素 c (纯度>99% MW=12384,










干净, 然后依次在水、乙醇、丙酮中超声洗涤 5 min,
洗涤三个循环, 最后在 1.0 mol·L-1 H2SO4中电化学











电极(ZnO nanorod/Au)作为工作电极. 以2.0 g·L-1细
胞色素 c溶液(以pH=7.4的PBS缓冲液配制)为研究
对象, 在 0 V附近寻找最佳电位范围进行循环伏安
扫描.
2.2.3 细胞色素c修饰电极对H2O2的电流响应
用 ZnO 纳米棒修饰的金电极浸泡在 2.0 g·L-1
细胞色素 c溶液中20 min得到细胞色素 c修饰电极.
实验采用三电极体系, 以细胞色素吸附的ZnO纳米


















相关. Zn2+是四配位的阳离子, 能与OH-结合, 生成
四面体的络合物离子Zn(OH)2-4 , 是ZnO的前驱物(式
469













衍射谱, 见图 2. 各衍射峰与标准卡片(PDF No.00-
036-1451)较好的匹配, 说明电沉积制备的ZnO纳米
棒具有六方纤锌矿晶体结构. (002)晶面衍射峰强度
很大, 说明电沉积的 ZnO 晶体主要沿 c 轴生长,24









好的直接电化学行为. 如图 3(a)所示, 细胞色素 c在
ZnO纳米棒修饰的金电极上, 不同扫描速率下做循
环伏安图 (扫描速率 v 依次为 0.800, 0.700, 0.600,










Fig.2 XRD pattern of ZnO nanorods on ITO electrode
ITO: indium tin oxide
图1 ZnO纳米棒修饰金电极的SEM图
Fig.1 SEM images of ZnO nanorods modified Au electrode














0.338-0.166 V附近(0.800 V·s-1). 细胞色素 c经过反
复氧化还原后, 从单纯的 Fe(III)变到混有 Fe(II)和
Fe(IV)的, 在循环伏安图中表现为出现双氧化峰现
象, 如图 4所示, 双氧化峰是由 Fe(II)细胞色素 c到






100 μmol·L-1 H2O2, 测定细胞色素 c修饰的 ZnO纳
米棒修饰的金电极对过氧化氢溶液的电流响应,27 如

















Fig.5 Amperometric responses curve of the cyt c
absorbed ZnO nanorods/Au electrode to H2O2
(a) I-t curves of successive additions of 100 μmol·L-1 H2O2; (b)
calibration plot of steady-state currents against concentrations of H2O2.
图3 ZnO nanorod/Au电极上2.0 g·L-1细胞色素c的循环
伏安图
Fig.3 Cyclic voltammograms of 2.0 g·L-1 cyt c on ZnO
nanorod/Au electrode
(a) CVs with various scan rate; (b) calibration plot of the anodic peak
current against scan rate, (c) CV at 0.010 V·s-1
图4 Fe(IV)细胞色素c在ZnO nanorods/Au电极上在
0.005 V·s-1扫描速度下的循环伏安图
Fig.4 Cyclic Voltammogram of Fe(IV) cyt c on ZnO
nanorods/Au electrode at the scan rate of 0.005 V·s-1
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